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Abstract 



PURPOSE:To provide a megnetoresistance sensor in which lowering of magnetic field sensitivity due to 
conduction of high detecting current is suppressed while retarding fracture of magnetosensitance part. 
CONSTITUTIONS protective layer 3 is provided on a magnetoresistive conductive layer 2 oppositely to a base 
material 1 A bias layer 5 for producing a bias field in the magnetoresistive conductive layer 2 and a pair of 
electrodes 6 for feeding current to a magnetosensitive part 4 of the magnetoresistive conductive layer 2 are 
then provided sequentially on the protective layer 3. The protective layer 3 is composed of a compound of at 
least one kind of element selected from a first group of titanium, vanadium, chrome, zirconium, molybdenum, 
niobium, hafnium, tantalum, and tungsten, and at least one kind of element selected from a second group of 
nitrogen, carbon, boron, and silicon. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] [0001] [Industrial Application] This invention relates 
to the magnetic-reluctance sensor suitably used as the magnetic head of magnetic storage, such 
as a magnetic disk unit, a magnetic tape unit, or a floppy disk drive unit, the magnetic head 
using the magnetic-reluctance sensor, and magnetic storage. [0002] [Description of the Prior 
Art] In recent years, the increase of the amount of information daily treated with advance of an 
information society is being enhanced, and magnetic storage with higher recording density and 
higher storage capacity has been required in connection with this. [0003] At the magnetic disk 
unit which is typical magnetic storage, when recording density is made high, generally, by the 
conventional electromagnetic-induction type magnetic head, a reproduction output declines and 
reproduction of the information recorded on the magnetic disk becomes difficult. For this reason, 
the magnetic head for record and the magnetic head for reproduction are considered as another 
composition, and using the magnetic head (the so-called magnetic-reluctance type head) which 
uses the magnetoresistance effect as an object for reproduction is proposed as indicated by JP,51- 
44917, A, for example. Compared with an electromagnetic-induction type head, a magnetic- 
reluctance type head has the advantage from which a comparatively high reproduction output is 
obtained, when recording density is made high. The element used for a magnetic-reluctance type 
head is a magnetic-electric transducer called "magnetic-reluctance sensor." [0004] A "magnetic- 
reluctance sensor" is equipped with the base which consists of a ceramic etc., and the thin film, 
i.e., the magnetic-reluctance nature conductive layer, of a ferromagnetic material which shows 
the magnetoresistance effect formed on the base, and is constituted, and a magnetic force sencor 
is formed in the magnetic-reluctance nature conductive layer. In case a magnetic field is 
detected, detection current is passed to this magnetic force sencor, and the electric resistance 
value change is taken out as voltage change of the ends of a magnetic force sencor by the 
external magnetic field which should be detected using the electric resistance value of a magnetic 
force sencor changing. [0005] In order to operate a magnetic-reluctance sensor the optimal as 
already known, it is necessary to impress a bias magnetic field to a magnetic force sencor so that 
the response to an external magnetic field may become linear. Generally the direction of this bias 
magnetic field is a direction [ parallel to the magnetic-reluctance nature conductive layer of a 
magnetic force sencor and ] perpendicular to the direction of detection current. As an effective 
method of impressing such a bias magnetic field, there is "soft-magnetism layer bias method" 
using the disclosure magnetic field from the soft-magnetism layer arranged by the nonmagnetic 
spacer layer by separating from a magnetic field detecting element as indicated by the U.S. Pat. 
No. 3,864,751 specification. [0006] The tantalum is indicated as a suitable material for a 
nonmagnetic spacer layer by the U.S. Pat. No. 4,663,685 specification. [0007] [Problem(s) 
to be Solved by the Invention] By the way, also in the magnetic-reluctance type head from which 
a high reproduction output is obtained compared with the electromagnetic-induction type 
magnetic head, in order to correspond to the advancement of future rapid recording density, it 
is thought that much more high increase in power is required. [0008] With a magnetic- 
reluctance type head, a reproduction output can be enlarged by enlarging the detection current 
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passed to a magnetic force sencor. However, shortly after enlarging detection current not much, 
a magnetic force sencor will fracture. Moreover, it has a bad influence on the life of a 
magnetoresistive head -- also with the detection current which is the grade which a magnetic 
field detecting element does not fracture immediately after energization, or time until it results 
[ from an energization start ] in fracture becomes short, magnetic field sensitivity falls with the 
increase in the resistance welding time. Therefore, with the conventional magnetic-reluctance 
type head, there is a problem that detection current cannot be increased so that it can respond 
to the advancement of future rapid recording density. [0009] Then, even if the purpose of this 
invention enlarges detection current, a possibility that a magnetic force sencor may fracture that 
magnetic field sensitivity cannot fall easily with the increase in the resistance welding time is 
to offer a few magnetic-reluctance sensor. [0010] Other purposes of this invention are to offer 
the magnetic head which can reproduce the information which the reproduction output higher 
than before was obtained, for example, was recorded by the high density which is about 600 
megabits per 1 square inch with sufficient sensitivity. [0011] The purpose of further others of 
this invention is to have high reliability, for example, offer the magnetic storage in which 
informational record and reproduction are possible by about 600 megabits [ per 1 square inch 
] high density. [0012] [Means for Solving the Problem] (1) The magnetic-reluctance nature 
conductive layer by which the magnetic-reluctance sensor of this invention was formed on the 
base, In the magnetic-reluctance sensor which is made to generate a bias magnetic field in a part 
of the magnetic-reluctance nature conductive layer [ at least ] and which has the bias layer 
formed on the aforementioned base It is characterized by being formed from the matter with the 
function which suppresses the electromigration phenomenon which the protective layer which 
adjoins the aforementioned magnetic-reluctance nature conductive layer, and protects the 
magnetic-reluctance nature conductive layer is formed, and the protective layer produces in the 
magnetic-reluctance nature conductive layer with energization. [0013] The aforementioned 
protective layer should just be the matter with the function which suppresses the electromigration 
phenomenon produced in the magnetic-reluctance nature conductive layer with energization. A 
compound with at least one sort of elements chosen from the 2nd group which consists of at 
least one sort of elements specifically chosen from the 1st group which consists of titanium, 
vanadium, chromium, a zirconium, molybdenum, niobium, a hafnium, a tantalum, and a 
tungsten, nitrogen and carbon, boron, and silicon is mentioned. [0014] What is necessary is just 
to let the quality of the material of the aforementioned protective layer be the compound of at 
least one sort of simple substance elements of the 1st group of the above, such as titanium and 
vanadium, and at least one sort of simple substance elements of the 2nd group of the above, i.e., 
the nitride of at least one sort of simple substance elements of the 1st group of the above, 
carbide, a boride, or a silicide. However, about the element of the 1st group of the above, you 
may use the alloy which consists of two sorts or three sorts or more of elements of the 1st group 
of the above, such as niobium, a tantalum and niobium, a zirconium and niobium, a tungsten 
and vanadium, chromium and vanadium, a zirconium and a tungsten, chromium and titanium, 
and a tantalum, for example. [0015] The same may be said of the element of the 2nd group of 
the above, and you may be the simple substance element of the 2nd group of the above, and may 
be the compound which consists of two sorts or three sorts or more of elements of the 2nd group 
of the above. [0016] When the aforementioned protective layer is formed with the compound 
of the alloy of the elements of the 1st group of the above, for example, ZrNb, TiV, TaCr, WNb 
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or WMo, and at least one sort of elements of the 2nd group of the above, these alloys have high 
specific resistance, and as a result of stopping low diverging to the aforementioned protective 
layer or bias layer of detection current, the advantage to which current efficiency becomes high 
is acquired. [0017] In order to obtain this effect of the invention, as for the aforementioned 
protective layer, it is desirable to be contacted and formed in the aforementioned magnetic- 
reluctance nature conductive layer. In this case, it is good to contact and arrange the 
aforementioned protective layer to the field of an opposite side with the aforementioned base of 
the aforementioned magnetic-reluctance nature conductive layer. [0018] Moreover, as for the 
aforementioned protective layer, it is desirable to have the function to isolate magnetically the 
aforementioned magnetic-reluctance nature conductive layer and the aforementioned bias layer. 
When it carries out like this, there is an advantage it becomes unnecessary to prepare a layer 
with this function separately. [0019] However, you may prepare separately the nonmagnetic 
spacer layer for suppressing the magnetic interaction which acts between the aforementioned 
magnetic-reluctance nature conductive layer and the aforementioned bias layer through the 
aforementioned protective layer. Since the magnetic interaction produced between the 
aforementioned magnetic-reluctance nature conductive layer and the aforementioned bias layer 
through the pinhole will be removed by suppression or completeness even if a pinhole arises in 
the aforementioned protective layer if it carries out like this, a good bias property is acquired. 
[0020] The aforementioned nonmagnetic spacer layer may be arranged between the 
aforementioned protective layer and the aforementioned bias layer, and may be arranged between 
the aforementioned magnetic-reluctance nature conductive layer and the aforementioned 
protective layer. [0021] The aforementioned base can be formed from nonmagnetic ceramic 
material, such as Zr02 and aluminum205-TiC, etc. , and especially the composition and material 
are not limited. [0022] Especially if the aforementioned magnetic-reluctance nature conductive 
layer is a conductive layer which shows the magnetoresistance effect, it will not be limited, for 
example, it can use a nickel-Fe alloy and a NiFeCo alloy. [0023] The aforementioned bias layer 
will not be limited especially if it is the layer which generates a bias magnetic field in a part of 
aforementioned magnetic-reluctance nature conductive layer [ at least ]. Soft-magnetism thin 
films, such as NiFeNb using the conventional "soft-magnetism film bias method" described 
previously, are sufficient, and permanent magnet thin films, such as Co70CrlOPt20, are 
sufficient. [0024] (2) The magnetic head of this invention is characterized by having the 
magnetic-reluctance sensor of the above (1) as an object for information reproduction. [0025] 
(3) Magnetic storage of this invention is characterized by having the magnetic head of the above 
(2). [0026] In this magnetic storage, when making information recording density into 600 
megabits or more per 1 square inch and mean time between failure makes information recording 
density 300 megabits or more per 1 square inch for 150,000 hours or more, mean time between 
failure becomes 300,000 hours or more. [0027] [Function] In the magnetic-reluctance sensor 
of this invention, the mechanism in which the fall of the magnetic field sensitivity of the 
magnetic force sencor of the aforementioned magnetic-reluctance nature conductive layer is 
suppressed by the aforementioned protective layer is presumed as follows. [0028] That is, when 
detection current is enlarged, time until a magnetic force sencor results in fracture becomes short 
because "electromigration" phenomenon which the atom of the matter which constitutes a 
magnetic force sencor moves in connection with electron flow, and is produced is accelerated 
with the increase in current value. If a magnetic-reluctance nature conductive layer is contacted 
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or a protective layer is formed through a spacer layer like this invention, since movement of this 
atom will be suppressed, it is hard coming to generate an electromigration phenomenon. [0029] 
Generally, it is thought that a magnetic-reluctance nature conductive layer can suppress 
effectively the electromigration phenomenon of a magnetic-reluctance nature conductive layer 
by preparing a protective layer since current density is larger than a bias layer. [0030] 
Moreover, since it does in this way and an electromigration phenomenon is suppressed, even if 
it energizes for a long time, it is hard coming to fracture a magnetic force sencor. [0031] In 
the magnetic head of this invention, since such a magnetic-reluctance sensor is used, a high 
reproduction output can be obtained by enlarging detection current. [0032] ** [ in about 600 
megabits / per 1 square inch / high density / be / possible / informational record and 
reproduction ], for example since such the magnetic head is used in the magnetic storage of this 
invention - it is Moreover, since the magnetic-head flying height from the front face of a 
magnetic-recording medium can be set up highly, the mean time between failure (Mean Time 
Between Failure: MTBF) of 150,000 hours or more is realizable by 600 megabits [ per 1 square 
inch ] high density. When recording density is made into 300 megabits per 1 square inch, mean 
time between failure of 300,000 hours or more can be realized. [0033] [Example] Hereafter, 
the example of this invention is explained, referring to an accompanying drawing. [0034] [1st 
example] drawing 1 shows the magnetic-reluctance sensor of the 1st example of this invention. 
By this magnetic-reluctance sensor, the magnetic-reluctance nature conductive layer 2 which 
produces the magnetoresistance effect which consists of a nickel-Fe alloy thin film (30nm in 
thickness) is formed on the aluminum205-base 1 of the tabular which consists of TiC, and the 
protective layer 3 which consists of an Zr-N compound thin film (20nm in thickness) is formed 
on the magnetic-reluctance nature conductive layer 2. On the protective layer 3, the bias layer 
5 which generates a bias magnetic field to the magnetic force sencor 4 of the magnetic-reluctance 
nature conductive layer 2 and which consists of a NiFeNb soft-magnetism thin film (40nm in 
thickness) is formed. On the bias layer 5, the electrode 6 of a couple which consists of a Cu thin 
film (lOOnm in thickness) is formed, and between the electrodes 6 of these couples is set up as 
a magnetic force sencor 4. Detection current is supplied to the magnetic-reluctance nature 
conductive layer 2 through the bias layer 5 and a protective layer 3 from the electrode 6 of a 
couple. The output signal from the magnetic-reluctance nature conductive layer 2 is taken out 
from the electrode 6 of a couple outside through a protective layer 3 and the bias layer 5. 
[0035] In this example, since the protective layer 3 is contacted and formed in the field of an 
opposite side in the base 1 of the magnetic-reluctance nature conductive layer 2, the 
electromigration phenomenon of the magnetic-reluctance nature conductive layer 2 can be 
suppressed effectively. [0036] The protective layer 3 which consists of an Zr-N compound thin 
film plays not only protection of the magnetic-reluctance nature conductive layer 2 but a role of 
a nonmagnetic spacer layer for isolating magnetically the magnetic-reluctance nature conductive 
layer 2 and the bias layer 5. Therefore, in this example, there is an advantage which does not 
need to prepare a nonmagnetic spacer layer separately. [0037] The magnetic-reluctance sensor 
with the above composition is manufactured as follows. First, a nickel-Fe alloy thin film with 
a thickness [ as a magnetic-reluctance nature conductive layer 2 ] of 30nm is formed by the DC 
magnetron-sputtering method on the base 1 of aluminum205-TiC. Next, nitrogen gas is 
introduced 50% into Ar spatter gas, and an Zr-N compound thin film with a thickness [ as a 
protective layer 3 ] of 20nm is formed on a nickel-Fe alloy thin film by the reactant spatter. 
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Then, a NiFeNb soft-magnetism thin film with a thickness [ as a bias layer 5 ] of 40nm and Cu 
thin film with a thickness [ as an electrode 6 of a couple ] of lOOnm are formed in order on ah 
Zr-N compound thin film by the DC magnetron-sputtering method. In this way, the magnetic- 
reluctance sensor of drawing 1 is obtained. [0038] The magnetic-reluctance sensor with the 
above composition was actually manufactured, it energized from the electrode 6 of a couple to 
this, and the change of magnetic field sensitivity (resistance rate of change per unit magnetic 
field) to the current density of this sensor was measured. Moreover, as an example of 
comparison, it replaced with the Zr-N compound of this example, the magnetic-reluctance sensor 
which formed the protective layer 5 by the well-known tantalum suitable as a nonmagnetic 
spacer layer was actually manufactured, and the change of magnetic field sensitivity to current 
density was measured on the same conditions. The result is shown in drawing 2 . In drawing 
2 , a curve 7 is the thing of the sensor of this invention, and a curve 8 is the thing of the sensor 
of the example of comparison. [0039] Drawing 2 shows that it is possible to pass twice [ about 
] as many big current as the example of comparison, without magnetic field sensitivity's not 
falling to high current density, therefore reducing magnetic field sensitivity compared with the 
magnetic-reluctance sensor of the example of comparison by the magnetic-reluctance sensor of 
this invention. From this result, it is understood by wearing one side of the magnetic-reluctance 
nature conductive layer 2 by the protective layer 3 that the fall of the magnetic field sensitivity 
accompanying energization can be suppressed. [0040] In addition, the permanent magnet film 
which replaces with a NiFeNb soft-magnetism thin film, and consists of Co70CrlOPt20 as a bias 
layer 5 was formed, and others manufactured the magnetic-reluctance sensor considered as the 
same composition as the above. And when the magnetic field sensitivity to current density was 
measured, the same result as the above was obtained. [0041] [2nd example] drawing 3 shows 
the magnetic-reluctance sensor of the 2nd example of this invention. The 2nd example solves 
the following difficulties in the 1st example. [0042] In the 1st example, the protective layer 3 
which consists of an Zr-N compound thin film has also played the role of the nonmagnetic 
spacer layer which isolates magnetically the magnetic-reluctance nature conductive layer 2 and 
the bias layer 5. However, there is a difficulty of being easy to produce a pinhole defect 
compared with metal thin films, such as a tantalum, in the Zr-N compound thin film as a 
nonmagnetic spacer layer. If a pinhole defect occurs, in order that the magnetic-reluctance nature 
conductive layer 2 and the bias layer 5 may carry out magnetic combination directly through the 
pinhole of an Zr-N compound thin film, a good bias property is no longer acquired. This 
phenomenon becomes remarkable especially, when the thickness of an Zr-N compound thin film 
is 20nm or less. According to this 2nd example, this problem is solved. [0043] By the 
magnetic-reluctance sensor of the 2nd example, as shown in drawing 3 , the electrode 6 of a 
couple which consists of a Cu thin film (40nm in thickness) is directly formed on the base 1 
which consists of Zr02, and between the electrodes 6 of these couples is used as the magnetic 
force sencor 4. The magnetic-reluctance nature conductive layer 2 which consists of a magnetic 
artificial grid thin film which carried out the 30-layer laminating of a NiFeCo alloy layer (1.5nm 
in thickness), and the Cu layer (2nm in thickness) by turns, respectively, and constituted them 
on the electrode 6 of a couple, The protective layer 3 which consists of the same Zr-N 
compound thin film (lOnm in thickness) as the 1st example, the nonmagnetic spacer layer 9 
which consists of a tantalum thin film (5nm in thickness), and the magnetic-film bias layer 5 
which consists of the same NiFeNb soft-magnetism thin film (40nm in thickness) as the 1st 
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example are formed in order. [0044] The magnetic-reluctance sensor with such composition is 
manufactured almost like the 1st example. First, on a base 1, by the DC magnetron-sputtering 
method, Cu thin film with a thickness of 40nm is formed as an electrode 6 of a couple, and on 
it, the magnetic artificial grid film which comes to arrange a NiFeCo alloy layer with a thickness 
of 1.5nm and 30 layers of Cu layers with a thickness of 2nm by turns, respectively is formed, 
and it considers as the magnetic-reluctance nature conductive layer 2. [0045] Next, an Zr-N 
compound thin film with a thickness [ as a protective layer 3 ] of lOnm is formed on the 
magnetic-reluctance nature conductive layer 2 by the same reactant spatter of conditions as the 
1st example. Then, by the DC magnetron-sputtering method, a tantalum thin film with a 
thickness [ as a nonmagnetic spacer layer 9 ] of 5nm is formed on the Zr-N compound thin film, 
and a NiFeNb soft-magnetism thin film with a thickness [ as a soft-magnetism film bias layer 
5 ] of 40nm is further formed on it. In this way, the magnetic-reluctance sensor of drawing 3 
is obtained. [0046] This magnetic-reluctance sensor was actually manufactured and the change 
of magnetic field sensitivity to the increase in current density was measured like the 1st example. 
Moreover, it replaced with the nonmagnetic spacer layer 9 which consists of a protective layer 
3 which consists of an Zr-N compound thin film of this example, and a tantalum thin film as an 
example of comparison, the magnetic-reluctance sensor which formed the tantalum thin film 
(15nm in thickness) as a nonmagnetic spacer layer was actually manufactured, and the change 
of magnetic field sensitivity to current density was measured on the same conditions. [0047] 
Consequently, it was possible to have passed about 1.8 times as many big current as this by the 
magnetic-reluctance sensor of this 2nd example in the range to which magnetic field sensitivity 
does not fall compared with the magnetic-reluctance sensor of the example of comparison. 
Moreover, since the nonmagnetic spacer layer 9 of a tantalum was formed, in spite of having 
made thin thickness of a protective layer 3 it is thin from an Zr-N compound thin film with 
lOnm, degradation of the bias property resulting from a pinhole defect was not seen. [0048] In 
addition, as a bias layer 5, it replaced with the NiFeNb soft-magnetism thin film, and the 
Co70CrlOPt20 permanent-magnet film was formed, and when others manufactured the magnetic- 
reluctance sensor considered as the same composition as the above and the magnetic field 
sensitivity to current density was measured, the same result as the above was obtained. [0049] 
[3rd example] drawing 4 shows the magnetic-reluctance sensor of the 3rd example of this 
invention. The 3rd example is equivalent to what replaced the position of the protective layer 
3 in the 2nd example, and the nonmagnetic spacer layer 9. Also in this 3rd example, the same 
result as the magnetic-reluctance sensor of the 2nd example was obtained. [0050] Moreover, 
as a bias layer 5, it replaced with the NiFeNb soft-magnetism thin film, and the Co70CrlOPt20 
permanent-magnet film was formed, and the same result was obtained, when others 
manufactured the magnetic-reluctance sensor considered as the same composition as the above 
and the magnetic field sensitivity to current density was measured. [0051] [4th example] 
drawing 5 shows one example of the magnetic head of this invention. This magnetic head is 
constituted using the magnetic-reluctance sensor of the 1st example of the above, and is used as 
the so-called rec/play separate-type head which prepared the electromagnetic-induction type head 
separately as an object for information record, using this magnetic-reluctance sensor as an object 
for information reproduction. [0052] In drawing 5 , the base 17 for sliders is formed from the 
sintering object which makes aluminum203-TiC a principal component. On the base 17 for 
sliders, the magnetic-shielding layers 12 and 13 of a couple which consist of a NiFe alloy film 
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with a thickness of 1 micrometer are formed, and the magnetic-reluctance sensor 11 is arranged 
among these magnetic-shielding layers 12 and 13. Current is supplied to the magnetic-reluctance 
sensor 11 through the electrode 6 of a couple. The record magnetic poles 15 and 16 of a couple 
which approach the magnetic-shielding layer 13 and consist of a NiFe alloy film with a thickness 
of 3 micrometers are formed in the base 17 and opposite side of the magnetic-shielding layer 13, 
and the coil 14 which consists of a Cu thin film with a thickness of 3 micrometers is arranged 
among these record magnetic poles 15 and 16. [0053] Between the magnetic-shielding layers 

12 and 13 of a couple, and the magnetic-reluctance sensor 11, the gap layer (illustration ellipsis) 
of aluminum 203 with a thickness of 0.2 micrometers is formed, respectively, and the gap layer 
(illustration ellipsis) of aluminum 203 with a thickness of 0.4 micrometers is formed among the 
record magnetic poles 15 and 16 of a couple. Moreover, between the magnetic-shielding layer 

13 and the record magnetic pole 15, the gap layer (illustration ellipsis) of aluminum 203 with 
a thickness of about 4 micrometers is formed, and the interval of the reproducing-head section 
and the recording head section is set as about 4 micrometers by this gap layer. [0054] The 
portion into which the magnetic-reluctance sensor 11 of the 1st example of the above was 
inserted in the magnetic-shielding layers 12 and 13 of a couple constitutes the reproducing-head 
section, and the record magnetic poles 15 and 16 of the couple which sandwiches a coil 14 and 
its coil 14 constitute the recording head section. [0055] The magnetic head with the above 
composition can be easily manufactured by forming 20aluminum3 film which constitutes the 
NiFe alloy film which constitutes the magnetic-shielding layers 12 and 13 and the record 
magnetic poles 15 and 16, Cu thin film which constitutes a coil 14, and a gap layer using a well- 
known spatter. [0056] This magnetic head was actually manufactured, it energized in the 
magnetic-reluctance sensor 11, and the change of magnetic field sensitivity to current density 
was investigated. Moreover, using the magnetic-reluctance sensor manufactured as an example 
of comparison in the 1st example, i.e., the thing which replaced with the Zr-N compound thin 
film as a protective layer 5, and prepared the tantalum layer, the magnetic head of the same 
composition as this was actually manufactured, and the change of magnetic field sensitivity to 
current density was measured on the same conditions. [0057] Consequently, it was possible to 
have passed about 1.5 times bigger current in the range to which magnetic field sensitivity does 
not fall compared with the magnetic head which used the magnetic-reluctance sensor of the 
example of comparison by the magnetic head of this invention using the magnetic-reluctance 
sensor 11 of the 1st example. This means that the detection current supplied to the magnetic- 
reluctance sensor 11 of the reproducing-head section can be set as a value big about 50 percent. 
[0058] Then, when informational record and reproduction were performed by 600 megabits [ 
per 1 square inch ] high density to the disk-like magnetic-recording medium equipped with the 
CoCrPt thin film as a record layer, compared with the magnetic head using the magnetic- 
reluctance sensor of the example of comparison, the reproduction output big about 50 percent 
was obtained. [0059] [5th example] drawing 6 shows one example of the magnetic storage of 
this invention. This magnetic storage is equipped with the disk-like magnetic-recording medium 
18 with the record film which consists of ferromagnetic thin films, such as CoCrTa and CoCrPt. 
The rotation drive of these magnetic-recording medium 18 is carried out by the mechanical 
component 19. As the magnetic head 20, the rec/play separate-type magnetic head of the 4th 
example of the above is used. The number of the magnetic heads 20 is set up according to the 
number of the magnetic-recording media 18. For example, when 1-9 magnetic-recording media 
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18 are held, the 2-18 magnetic heads 20 are incorporated. The magnetic head 20 is driven and 
controlled by driving means 21. In addition, 22 is record and a regenerative-signal processor. 
[0060] Magnetic storage with the above composition was actually manufactured, informational 
storage and reproduction were performed to the magnetic-recording medium 18, and 
information-storage capacity was investigated. It combined, magnetic storage was actually 
manufactured using the magnetic head of the example of comparison stated in the 4th example 
of the above, and same investigation was conducted. Consequently, in the information storage 
device of this invention, it turns out that the information-storage capacity of 1.4 times or more 
is obtained compared with the information storage device of the example of comparison. [0061] 
moreover - if the flying height from magnetic-recording medium 18 front face of the magnetic 
head 20 is set as 80nm as a magnetic-recording medium 18 using a thing with the record film 
of the three-tiered structure which comes to carry out the laminating of the CoCrPt magnetic thin 
film (lOnm in thickness) of two sheets in between on both sides of a nonmagnetic Cr alloy thin 
film (5nm in thickness) - 600 megabits [ per 1 square inch ] high density - and it was able to 
have high reliability, and information was able to be recorded and reproduced And the life of 
magnetic storage was extended and the mean time between failure (MTBF) of 150,000 hours was 
attained. [0062] When information recording density was set as 300 megabits per 1 square inch 
using the magnetic-recording medium 18 with the record film of the same three-tiered structure 
as this, the flying height of the magnetic head 20 was able to be set as HOnm, record and 
reproduction of could be done, and the mean time between failure of 300,000 hours has been 
attained. [0063] [Effect of the Invention] According to the magnetic-reluctance sensor of this 
invention, as explained above, even if it enlarges detection current, magnetic field sensitivity 
cannot fall easily with the increase in the resistance welding time, and it is hard to produce 
fracture of a magnetic force sencor. For this reason, detection current can be enlarged compared 
with the conventional magnetic-reluctance sensor, without shortening a life. [0064] According 
to the magnetic head of this invention, it is possible to reproduce the information which the 
reproduction output higher than before was obtained, for example, was recorded by the high 
density which is about 600 megabits per 1 square inch with sufficient sensitivity. [0065] 
According to the magnetic storage of this invention, it has high reliability, for example, 
informational record and reproduction are possible at about 600 megabits [ per 1 square inch ] 
high density, and, moreover, the longevity life of 150,000 hours or more in mean time between 
failure is obtained in that case. 

CLAIMS 

[Claim(s)] [Claim 1] The magnetic-reluctance nature conductive layer formed on the base. The 
bias layer which generates a bias magnetic field in a part of the magnetic-reluctance nature 
conductive layer [ at least ] and which was formed on the aforementioned base. It is the 
magnetic-reluctance sensor equipped with the above, and is characterized by being formed from 
the matter with the function which suppresses the electromigration phenomenon which the 
protective layer which adjoins the aforementioned magnetic-reluctance nature conductive layer, 
and protects the magnetic-reluctance nature conductive layer is formed, and the protective layer 
produces in the magnetic-reluctance nature conductive layer with energization. [Claim 2] The 
magnetic-reluctance sensor according to claim 1 which consists of the compound with at least 
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one sort of elements chosen from the 2nd group to which the aforementioned protective layer 
changes from at least one sort of elements chosen from the 1st group which consists of titanium, 
vanadium, chromium, a zirconium, molybdenum, niobium, a hafnium, a tantalum, and a 
tungsten, nitrogen and carbon, boron, and silicon. [Claim 3] The magnetic-reluctance sensor 
according to claim 2 by which the aforementioned protective layer consists of the compound with 
at least one sort of elements chosen from the alloy and the 2nd group of the above of elements 
of the 1st group of the above. [Claim 4] The magnetic-reluctance sensor according to claim 1 
to 3 by which the aforementioned protective layer is contacted and formed in the field of an 
opposite side with the aforementioned base of the aforementioned magnetic-reluctance nature 
conductive layer. [Claim 5] The magnetic-reluctance sensor according to claim 1 to 4 by which 
the aforementioned protective layer has the function to isolate magnetically the aforementioned 
magnetic-reluctance nature conductive layer and the aforementioned bias layer. [Claim 6] A 
magnetic-reluctance sensor [ equipped with the nonmagnetic spacer layer for suppressing the 
magnetic interaction which acts between the aforementioned magnetic-reluctance nature 
conductive layer and the aforementioned bias layer through the aforementioned protective layer 
] according to claim 1 to 5. [Claim 7] The magnetic-reluctance sensor according to claim 6 by 
which the aforementioned nonmagnetic spacer layer is arranged between the aforementioned 
protective layer and the aforementioned bias layer. [Claim 8] The magnetic-reluctance sensor 
according to claim 6 by which the aforementioned nonmagnetic spacer layer is arranged between 
the aforementioned magnetic-reluctance nature conductive layer and the aforementioned 
protective layer. [Claim 9] The magnetic-reluctance sensor according to claim 1 to 8 whose 
aforementioned bias layer is a soft-magnetism layer contacted and formed in the aforementioned 
protective layer. [Claim 10] The magnetic-reluctance sensor according to claim 1 to 8 whose 
aforementioned bias layer is a permanent magnet layer contacted and formed in the 
aforementioned protective layer. [Claim 11] The magnetic head characterized by having the 
magnetic-reluctance sensor according to claim 1 to 10 as an object for information reproduction. 
[Claim 12] Magnetic storage characterized by having the magnetic head according to claim 11. 
[Claim 13] Magnetic storage according to claim 12 whose mean time between failure information 
recording density is 150,000 hours or more in 600 megabits or more per 1 square inch. [Claim 
14] Magnetic storage according to claim 12 whose mean time between failure information 
recording density is 300,000 hours or more in 300 megabits or more per 1 square inch. 

[Translation done.] 
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